Carboxypeptidase activity (hydrolysis of N-carbobenzoxy-L-phenylalanyl-L-alaine) is higb in a number of temperate zone cereals, orignting in Asia Minor (wheat, barley, oats, wild oats, rye, triticale) compared to other cereals origiting in central America or Asia (maize, sorghum, rice). However, endopeptidase activity (hydrolysis of azocasein or hemoglobin) is relatively much higher in the latter group. Comparison of trichloroacetic acid (TCA)-soluble products derived from the hydrolysis of hemoglobin showed that carboxyterminal amino acids (itidine, arginine, and tyrosine), are released when extracts from wheatt and barley endosperms are used. With extracts from corn endosperms, much more TCA-soluble ultraviolet-absorbing material is released, but very little is released as free amino acids within the first 2 hours and the expected Cterminal amino acids of hemoglobin are not detected in si nt amounts. These results suggest that the method of hydrolysis of the storage proteins may be signiicantly different in these two classes of cereals.
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Endo-and exopeptidases (1-7, 9, 10, 13-22) are involved in the hydrolysis of the storage proteins in cereals. One major problem in examining peptide hydrolases in cereal endosperms is the unusual solubilities of the major storage proteins. The prolamins, for example, are soluble in 70% ethanol. Because of this problem investigators have often used proteins such as hemoglobin or azocasein to assay the proteases which develop in the cereal endosperm after imbibition. In maize endosperm, the major protease active against hemoglobin, denatured zein, glutelin or the a-chain of insulin has been identified as a endopeptidase (2, 6, 9, 15 Enzyme Extrction. The endosperm and scutellum were removed from seedlings harvested at appropriate times and rinsed three times with disfilled H20. After blotting dry, the endosperm was separated from the scutellum, frozen in liquid N2 and subsequently stored at -20°C. Extraction and assay systems were optimized for maize, barley, and wheat.
Frozen endosperms were homogenized with a mortar and pestle on ice. The buffer, 0.2 M sodium acetate (pH 3.8), contained 5 mm (i-mercaptoethanol. Two ml ofbuffer were used per g of maize tissue. Four ml/g were used for other cereals. The homogenate was filtered through Miracloth and centrifuged at 20,000g for 15 min at 4C. The supernatant was used directly for endopeptidase determinations, or dialyzed overnight against 0.1 M sodium acetate buffer (pH 5.2) for the carboxypeptidase analysis.
Enzyme Assays. Endopeptidase was measured as described previously (9). The assay mixture contained 1.0 ml of 5% hemoglobin in water, 1.0 ml of 0.05 M sodium acetate buffer (pH 3.8), containing 2.5 mm EDTA, and up to 0.5 ml of extract in a total volume of 2.5 ml. The assay was performed at 40°C for 15 min. Activity was measured as the increase in A at 280 nm in the TCA-soluble fraction and -calibrated against absorbance of tryptophan at 280 nm. With azocasein as substrate, the extract (0.5 ml) reacted with azocasein (1.4%) which was dissolved in 0.05 M Mcllvaines citric acid-phosphate buffer (pH 6.0). The assays were incubated for 3 h at 40°C and the reaction was stopped by addition of TCA as described previously (19) . The release of TCA-soluble peptides was measured at 440 nm after the addition of NaOH. RESULTS AND DISCUSSION Endopeptidase and carboxypeptidase activities increase in the endosperm of wheat (16-19), barley (3, 4), and maize (9) during the initial 5 to 6 d after sowing. Preliminary experiments in our laboratory showed that carboxypeptidase activity was relatively much higher in wheat and barley extracts than in maize extracts when the activities were calculated per endosperm or per g fresh weight. Assays using CBZ-Phe-Ala, hemoglobin, or azocasien were used. Subsequent screening of a number of cereal varieties 6 d after imbibition showed that the ratio of carboxypeptidase activity (CBZ-Phe-Ala as substrate) to endopeptidase activity (hemoglobin as substrate) is 100 or more for wheat, barley, oats, rye, triticale, and wild oats (Table I ). In maize, sorghum, and rice, on the other hand, the ratio ranged from 0.5 to 5.7.
PEPTIDE HYDROLASES IN CEREALS
Analysis ofthe products released from hemoglobin allows one to determine whether endo-or carboxypeptidase is active in a particular extract. For example, the sequence of amino acids at the carboxy-terminal end of bovine hemoglobin is known to be Ser-Lys-Tyr-Arg for the a-chain and His-Arg-Tyr-His for the ,B chain (8). Thus, the early release of His, Argl and Tyr would indicate a carboxypeptidase activity. The total UV-absorbing material released into the TCA-soluble fraction was 3.95 Trp eq on a g fresh weight basis for maize extracts, 1.15 for wheat, and 2.02 for barley. However, the three amino acids that should be released from the C-terminal of hemoglobin are in fact released when hemoglobin is treated with wheat or barley extracts (Fig.  1) . With maize extrts, on the other hand, no significant release of the expected C-terminal amino acids was observed. No significant differences were observed when the incubations were performed at pH 3.8 where endopeptidase activity is maximal or at pH 5.2 where carboxypeptidase activity as measured with CBZ-Phe-Ala is maximal. These results indicate that endopeptidase is the major proteolytic activity in maize, whereas carboxypeptidase is a major component of the proteolytic activity in wheat and barley at an equivalent stage after gemination. Similar analyses with rye also indicated high levels of carboxypeptidase activity, whereas with sorghum and rice extracts the expected Cterminal amino acids were not released (data not shown).
Thus, our results suggest that there are wide differences be-WINSPEAR ET AL. (Fig. 1) .
